Abstract: The use of in vitro prepared biosynthetic grafts can considerably improve the patient's quality of life. This work reports on the use of an autologous graft prepared from a patient's preputial cells cultivated on biodegradable polymeric membrane. Coladerm membrane is based on the chemically modified polyelectrolyte complex of atelocollagen and hyaluronan. The graft was used to cover a defect in the mouth cavity base and tongue after reconstruction surgery performed at this site in the past. The presented clinical case showed that the autologous biosynthetic graft prepared from foreskin cells can be successfully used for covering of medium-size defects in mouth cavity base resulting in the regeneration of target mouth structures with significant improvement of patient's quality of life.
Introduction
The techniques for in vitro grafts preparation are at present of ever growing importance. At the same time, they are pointing out the advantages of the use of autologous and disadvantages of the use of heterologous grafts in regenerative medicine (Nerem & Sembanis, 1995) .
The rapid development of tissue engineering provides a number of different kinds of substitutes for extracellular matrix that serve as cellular carriers in various clinical applications (Hansbrough et al., 1992; Tompkins & Burke, 1996) . The tissue scaffold provides either a permanent or temporary support to the damaged tissues/organ until the functionalities are restored. A biomaterial can exhibit specific interactions with cells that will lead to stereotyped responses (Yarlagadda et al., 2005) . At present, particularly stem cells could offer enormous potential as a cell source because of their proliferation and growth potential, and the application of stem cell technology has farreaching implications for future applications (Riha et al., 2005) . Collagen has major advantages as it provides a favourable surface for cellular attachment. The vascular system allows for the supply of nutrients and oxygen throughout the scaffold (Sachlos & Czernuszka, 2003) .
In the presented patient with history of surgical removal of mucoepidermal carcinoma of the mouth cavity base, we demonstrate the use of an autologous graft obtained by cultivating of foreskin cells on polymeric matrix Coladerm (Bakoš et al., 2002) . Using this graft, in specific conditions of the mouth cavity base, especially excellent results were obtained regarding the quality of reconstructed surface as well as its functional properties. The application of autologous grafts obtained by cultivating cells from dermal or epidermal tissues gave results the quality of which was scarcely comparable re-714 J. Vojtaššák et al. garding the reconstructed surface and functional properties (Poruban et al., 2005) .
Case report
Horizontal resection of mandible and resection of the mouth cavity base along with partial resection of tongue was performed in a 49-year-old Caucasian male patient with mucoepidermoid mouth base carcinoma. The defect was covered with a lateral lingual lobe in combination with a transposition of lobe from buccal mucosa. Surgery was followed by standard external radiotherapy.
Due to the applied therapy, reduced mobility of tongue occurred with all its usual consequences, such as pronunciation and mastication disorders. The aim of subsequent reconstruction surgery was to create a mobile lingual apex and to release its lateral edge from the mandible along with the creation of a new space in the mouth cavity base region. Originally the autologous graft should have been prepared using patient cells of his buccal mucosa, as described previously (Blaško et al., 1981) . But due to repeated unsuccessful attempts to cultivate his buccal cells (probably as a consequence of post-operation external radiotherapy) the authors decided to cultivate patient preputial cells.
Before its clinical application, the autologous graft was histologically and immunohistochemically examined for identification and characterization of growing cells. For this purpose antibodies against vimentin (general marker of mesenchymal cells) and antibodies against cytokeratin (marker of epithelial cells) (Osborn, 1984) were applied.
Material and methods

Coladerm membrane (CD)
The CD membrane used as a matrix consists of a complex of type I atelocollagen and hyaluronan. It is produced from a polyelectrolyte complex of atelocollagen and hyaluronan, which forms a characteristic bubble-like macrostructure ensuring its high cohesiveness. The chemical cross-mesh of the membrane by dialdehydic starch derivatives reduces its biodegradability and provides mechanical firmness, which enables suturing. CD membrane is non-toxic, biocompatible, biodegradable and an excellent scaffold for the foreskin cells (VOJTAŠŠÁK et al., 2001 ).
Patient
In March 2000, a 49-year-old patient with an almost oneyear anamnesis of indeterminate complains in his mouth cavity with a tumour 3 × 2 cm and a 0.5 cm infiltrate in the posterior area of his mouth cavity base to the left. The tumour was diagnosed as a mucoepidermoid mouth base carcinoma, stage T2N0M0, and grade G2. The patient was not under medical treatment and was HIV and HbSAg negative.
Surgery consisted of a horizontal resection of mandible and mouth base including the mylohyoidal muscle, sublingual salivary gland, and part of the lower surface of tongue. Post-operation healing was without any complications. The surgical treatment was followed by external radiotherapy at a total dose of 60 Gy. Patient's sensitivity to radiotherapy was classified as of medium grade.
After 28 months the patient's condition was classified as long-term remission (Fig. 1) , thus reconstruction surgery of his mouth cavity base and tongue was planned using an autologous graft implant with the aim to improve his quality of life: renewal of contours of the post-resected area of mandible, improve the mobility of tongue, and creation of a mouth cavity base that would considerably improve food intake and speech quality. To minimize the risk to cultivate abnormal buccal cells, the patient agreed with the isolation of his preputial cells and their use for the preparation of an autologous graft.
Tissue sampling from prepuce After local disinfection using a 0.01 % solution of Chlorhexidine (Chemos GmbH, Germany) an infiltrating anaesthesia was applied locally (0.5 ml Supracain, Zentiva, Czech Republic) into the site of excision and the contra-lateral region of the frenulum. After next 5 min, a 10×3 mm strip of the mucosal surface of the prepuce was surgically removed. The wound was closed by two stitches (Catgut 1c). The excised tissue was aseptically placed into a disposable sterile 5 mL test tube (TPP, Sigma) containing pre-chilled phosphate buffered solution (PBSa, Oxoid, UK) supplemented with gentamycin (Lek, a.s., Slovenia) at a final concentration of 200 µg/mL.
Cultivation technique
Preputial cells were isolated using the fragment technique (BLAŠKO et al., 1981) . The preputial tissue was minced into small fragments of about 1.5×1.0 mm in diameter in Eagle's minimum essential medium (MEM-E) (PAN BIOTECH GmbH, Germany) with gentamycin at a final concentration of 100 µg/mL. A mixture of culture medium MEM-E and small fragments of prepuce tissue in a volume of 2.5 mL was pipetted into Petri dishes (P35, ø 35 mm, Falcon, Oxnard, Cal.) and placed in an incubator with humidified atmosphere of 5% CO2 and 95% air at 37
On day 4 of cultivation, fibroblastic and epithelial cells started to migrate out from the adherent fragments. On day 6 of cultivation the migrating cells, mainly of the fibroblastic type, grew in form of irregular, dense network in all dishes.
On day 10 of cultivation the growing cells created a semi-confluent layer. Cells in the dishes were trypsinized using a 0.5% trypsin solution (Serva, Germany) and resuspended in culture medium. One part of the cells was used for cytogenetic analysis (SEABRIGHT, 1972) and for mycoplasms testing by using of fluorescence technique (CHEN, 1977) . The cells were counted and 1/10 of them were left in the original dishes as a control. The rest of cells from all Petri dishes (approximately 6×10 6 ) were re-suspended in 4 mL of culture medium. Two mL of this suspension (approximately 3×10 6 of cells) were set onto the surface of two Coladerm membrane (25×50 mm) pieces in Petri dishes (designated as P60a and P60b, ø 60 mm, Falcon, Oxnard, Cal.). Another 5 mL of culture medium was added to each Petri dish after 6 hours of cultivation. During the following cultivation the culture medium was replaced 3 times a week.
Ten days later the cells formed a semi-confluent layer around these membranes. Culture medium was aspirated from both dishes: original P35 dish (control) and from dish P60b with the membrane. The CD membrane from P60b was transferred to another P60 dish, washed with PBSa and fixed in a 0.5% formalin solution. After fixation the membrane was air-dried and examined immunohistochemically. Adherent cells in P35 dishes (control) and in dish P60b were washed with PBSa, fixed in methanol, air-dried, and stained with 2% Giemsa stain. Structure of cytoplasm and nuclear morphology of adherent cells were microscopically compared to control cells.
Based on a positive immunohistochemical result demonstrating the growth of cells not only on the surface of CD membrane but also within its structure, on day 11 of cultivation culture medium was aspirated from dish P60a with CD membrane, and replaced with serum-free culture medium PAN 401 (PANSERIN, PAN BIOTECH GmbH, Germany) supplemented with transferrin, bovine serum albumin, cholesterol and gentamycin. The serum-free culture medium PAN 401 was replaced on days 12 and 13 of cultivation. On day 14 of cultivation, prior to implanting the graft to the patient, the serum-free culture medium was aspirated from the dish and replaced with a sterile PBSa solution supplemented with gentamycin.
Immunohistochemistry
An excision from the CD membrane along with the adherent cells was fixed in formalin, and after a conventional procedure it was embedded in paraffin. The material was cut into 5µ thick sections and stained with haematoxylin and eosin. In the immunohistochemical examination the biotin-avidin system was used followed by primary antibodies against vimentin and cytokeratin (AE1/3, Dako, Glostrup, Denmark). Aminoethylcarbazole (AEC) was used as chromogen (Dako, Glostrup, Denmark). 
Surgery and clinical application
On day 14 of cultivation the autologous graft prepared from cells of the patient's prepuce was implanted. A new apex of tongue was formed by Z-plasty under local anaesthesia by Supracain (2 mL). The lateral side of tongue was separated from the mandible without damage to the periosteum. The graft was implanted at the site marked off by periosteum and soft tissue in the de novo formed mouth base and the lateral edge of tongue (Fig. 2) .
Results
Structure of cytoplasm of adherent cells and nuclear morphology
On day 10 of cultivation, cytoplasm structure of cells in P60b dish adherent around the CD membrane was compared to the control without CD membrane. Cells in both dishes were identical. The cytoplasm of fibroblasts was without vacuoles and granules and their nuclei were without morphological changes.
Cytogenetic analysis
A normal human 46,XY karyotype was revealed by cytogenetic analysis of chromosomes using conventional chromosome staining and G-banding technique. Presence of mycoplasms was not detected by using the fluorescence technique.
Immunohistochemistry
Immunohistochemical examination of the autologous graft confirmed the presence of cultivated cells on the surface and also within the Coladerm membrane (Fig. 3) . The positive reaction with antibodies against vimentin and the negative reaction with antibodies against cytokeratin proved that the proliferated cells were fibroblasts.
Patient
The process of graft integration was realized with- out any complications during first 7 days. On the wound surface, immediately after the stitches removal, granulation tissue was visible along with small regions in which the graft matrix was still unresorbed. During post-operation days 8-11 the wound surface was smooth, without hyperplasia of granulation tissue, showing marble-like structure. On days 12-15, macroscopically visible epithelisation at site of the graft placing occurred, covering more than 70% of its surface, with the exception of fraenulum linguae parts and the back of the mouth cavity base. The wound was completely healed and epithelised on the day 31 together with sub mucosal scar forming, which partly reduced lingual mobility (Fig. 4) . In the following period the patient was monitored in the dispensary regimen. Despite visible improvements during the first 3 months, the patient suffered from the limited mobility of the tip of his tongue due to the short new fraenulum. Therefore, after 36 months, reconstruction surgery in the form of Z-plasty was carried out. During this surgery, 2×1 mm excisions were removed from the laterally corresponding parts of mucosa, from the right (Fig. 5 ) the surgically intact mucosa affected only by external radiotherapy, and from the left (Fig. 6 ) the site of the implanted graft with cell culture as described above.
Histological examination Vertical section of the surgically intact mucosa affected only by external radiotherapy. The surface consisted of a multi-layer non-keratinising squamous epithelium ( Fig. 5; HE staining) . The superficial layer of cells had preserved nuclei. Cells in the upper layers of epithelium were largely flat in shape, oval at the base and showed columnar arrangement. Epithelium was not infiltrated by inflammatory cells and was without neo- plastic changes. The conspicuously epithelial coverage of mucosa in some areas formed low sheets penetrating into the tela sub mucosa. In the tela sub mucosa there were numerous blood vessels along with islets of muscle fibres.
Vertical section of the buccal mucosa arising from implanted graft. Parakeratosis, the top layer of cells had preserved nuclei, in several areas showing a less organised arrangement and orientation of nuclei ( Fig. 6 ; HE staining). Epithelium was not infiltrated by inflammatory cells and was without neoplastic changes. The markedly epithelial cover of mucosa sporadically formed low sheets penetrating into the tela sub mucosa. The tela sub mucosa was significantly thinner and was overlaying the tunica muscularis. It contained blood vessels. Staining for reticulin (according to Gomori) showed abundant reticulin bundles and collagen in the sub mucosa (Fig. 7) .
Discussion
On the presented clinical case we illustrate the perspectives of in vitro prepared autologous grafts in stomatosurgery. The biosynthetic graft used in this case is based on Coladerm membrane and patient preputial cells. In a preclinical study (Koller et al., 2000) Coladerm membrane was tested together with a panel of another commercially available membranes used in tissue engineering as a substitute for extra cellular matrices. With regard to very good properties of CD membrane in both the in vitro tests (Vojtaššák et al., 2001 ) and preclinical study (Koller et al., 2000) , it was chosen for clinical application. During this it was demonstrated that an autologous biosynthetic graft from buccal mucosa cells accelerated the healing process (Poruban et al., 2005) . The time of wound epithelisation was reduced for approximately 10 days and the quality of resulting surface was surprisingly good. In presented clinical case, the application of preputial cells on the CD membrane, according to macroscopic assessment, initiated a complete defect epithelisation, better tissue mobility with less expression of the sub mucosal scar. Moreover, it was shown that, due to the extreme mobility of this area and post-operation radiotherapy, there were only small areas in which the membrane did not adhere completely which resulted in secondary epithelisation (the area of new-formed fraenulum linguae) and healed also with unchanged quality.
The results of immunohistochemistry analyses (Fig. 3) have confirmed that the CD membrane is a perfect extracellular matrix substitution (Vojtaššák et al., 2001; Poruban et al., 2005) minimally for epithelial and preputial cells. The process of CD membrane degradation starts after 3-4 weeks after cells seeding. This is also the time when the proliferating cells had grown into its bubble-like structure. Optimal time for the clinical application of this biosynthetic graft seems to be the end of the second week. The majority of preputial cells were in logarithmic phase of growth producing in high concentration a growth factor similar to basic fibroblast growth factor (Story, 1989) . This should have a very positive effect also on the graft integration into the surrounding structures at the site of implantation and promote the regeneration process. This real quality of regeneration process was proven 3 years after graft implanting. The site of implantation can be macroscopically only scarcely identified, mainly on the relief of the sublingual area altered by the surgery, and according to the slightly lower tractability of the tissue. A small incision in this mouth cavity base area as well as in collateral area without history of surgical intervention was made. The tissue samples were analyzed and only small structural differences were detected. As a matter of fact, the positive effect was obtained due to: (i) the good properties of the carrier CD membrane that exhibits firmness and flexibility at the same time enabling thus the successful implantation in a mechanically and dynamically very specific area of the mouth base; and (ii) the preputial cells with their high proliferating activity and high production of basic growth factors.
Conclusion
In the presented clinical case it was shown that the biosynthetic graft prepared from autologous foreskin cells could be successfully used for implantation to cover medium-size mouth cavity base defects, particularly if it is not possible to obtain cells from the tissue adjacent to the treated defect.
